Leaf surfaces of roadside trees are exposed to various trace metal and gaseous contaminants discharged from the vehicles. The increasing number of vehicles running on petrol and diesel fuel produces excessive fumes contain ing tar particles and other metal contaminants due to the incomplete combustion of fuel. Certain other human acti vities like road construction, sand milling, stone grinding, etc. also add to the atmospheric dust and trace contaminants which get settled on the leaves of roadside trees. The microbial community of the phylloplane may be altered by the gaseous and particulate atmospheric pollutants (Saunders 1971 , Mowll et al. 1985 The relationship between air pollution and microorganisms is an important and incompletely appreciated topic (Saunders 1973 , Manning 1975 . Organisms that exist in the phylloplane are particularly vulnerable to the influence of air contaminants (Smith 1976a) . Chemical sprays on the leaf surface is reported to reduce bacterial, filamentous fungal and yeast communities diversity of mango phylloplane (De Jager et al. 2001) . Air pollution has been reported to bring about change in the lichen cover in a tropical habitat over a period of time (MongeNajera et al. 2002) . Mould fungi were found to be the most numerous of the microbial community in the air on the premises of a landfill site (Malecka-Adamowicz et al. 2007) .
While there has been some studies on the effects of industrially derived heavy metal pollution on leaf surface microorganisms (Gingell et al. 1976 , Bewley 1980 , little work has been done on the effects of heavy metal and trace contaminants on leaf surface microorganisms in the roadside urban environment in general (Smith 1971 , Smith 1976a , Smith 1976b , Smith 1977 , Swailesh et al. 2004 ) and on the effects of vehicular pollution on phylloplane microorganisms in particular (Mowll et al. 1985) Therefore, a study to understand the impact of vehicular air pollution on the phylloplane microorganisms of roadside trees (Alnus nepalensis) was carried out.
MATERIALS AND METHODS
Selection of site: two forest sites dominated by alder trees, A. nepalensis, located a busy road intersection of the National Highway no. 44 Shillong (altitude 1 730 a.s.l, latitude 25°34', longitude 91°46' E) with traffic density (8 000-9 000 heavy vehicles/day ) taken as the polluted site while the other one was approximately 500 m away from the roadside and considered as the unpolluted site. While selecting care was taken to ensure similarity in topography and micro-environmental conditions. Climate of the study site: the climate of the study sites is typically monsoonic. The south-west monsoon and north-east winter winds influence the climate of the area. The climate of the study area can be divided into four marked seasons (i) the monsoon season of heavy rainfall (May-September) due to southwest monsoon, (ii) a transitional period of low rainfall, autumn season (October-November) due to retreating monsoon, (iii) a winter season (DecemberFebruary) with scattered low rainfall and (iv) a windy dry summer (March-April). The average monthly rainfall of the study area ranged from 2.1 mm to 421.2 mm. The average minimum and maximum tempe rature varied from 6.1 °C to 18.0 °C and 15.1 ºC to 24.3 °C respectively. The average relative humidity ranged between 68.5% to 89% (Fig. l) .
Isolation of phylloplane microorganisms: for the isolation of micro fungi and bacteria from the leaf surface, dilution plate method was followed (Dickinson 1971) . Ten samples of leaves were collected in sterilized container at a bimonthly interval for one year from ten different alder plants at each site and brought to the laboratory. The microbial assay was carried out within 24 h of sampling. The leaf samples were cut into small pieces with sterilized scissor in a laminar flow chamber to avoid contamination and mixed thoroughly. One gram (on wet weight basis) sample was taken in a 250 ml sterilized conical flask containing 100 ml of sterilized distilled water. Flasks were shaken vigorously for 30 minutes to detach the surface propagules. A suspension of 1:100 was then obtained. 10 ml of this suspension was transferred aseptically to a 250 ml conical flask containing 90 ml of sterilized distilled water to get a dilution of 1:1 000. The process was repeated to get a suspension of 1:10 000 dilution. For the isolation of fungi and bacteria, a l:1 000 and l:10 000 dilutions respectively was used. 0.5 ml suspension was transferred aseptically into sterilized petriplates containing 15 ml of sterilized solidified Rose Bengal agar (Martin 1950) and Nutrient agar medium (Difco-manual. 1953 ) for fungi and bacteria respectively. Three replicates were maintained in each case. The petriplates for microfungi and bacteria were incubated at 25±1 °C and 30±1 °C for five days and for 24 h respectively. Number of fungi and bacteria was calculated as colony forming units (CFU) per gram dry leaf, taking into account the dilution factor and moisture content of leaf.
The relative abundance of fungi was calculated by using the following formula Fungal diversity, species richness and similarity index: the index of fungal diversity was calculated using Shannon's index of diversity (Shannon 1948 ) as Analysis of lead, zinc, copper and cadmium in leaf sample: 0.2 g of dried powdered leaf samples in triplicate were digested in 20 ml conc. HN0 3 . Extracts were filtered and made up to 50 ml with double distilled water. The extent of metal binding by filters was checked using metal stock solution and was found negligible (Proctor et al. 1980) . Sam ples were analysed on Perkin Elmer 2380 Atomic absorption spectrophotometer after appropriate dilution with distilled water.
The concentration of metal was calculated as Total metal (µg g-1) = c(ppm) x solution volume (ml) Sample weight (g) Where: c=ppm metals obtained from the standard curve Analysis of sulphur: the samples were oven dried at 80 °C for 24 h, powdered, ashed at 450 °C for 12 h in a muffle furnace and the ash was dissolved in conc HN0 3 . Total sulphur was determined by the turbidimetric method (Allen 1974) .
Total sulphur in leaves was calculated as
Total sulphur (µg g-1) = c(ppm) x solution volume (ml)
Sample weight (g)
Where: c = ppm sulphur obtained from the standard curve Statistical analysis: the coefficient of correlation (r) was calculated using Karl Pearson's coefficient of correlation (Zar 1976 ). Statistical analysis of data was done by performing Lattic Square Design (LSD).
RESULTS
Bacterial community: phylloplane bacterial population showed a marked seasonality with its maxima in July and minima in January. Number of bacteria was significantly higher at unpolluted site compared to polluted ones (Fig. 2) .
It showed a significant negative correlation with the concentration of lead, zinc, copper, cadmium and sulphur in leaf at polluted site. A significant positive correlation between bacterial population and ambient temperature was also observed (Table 3) Microfungal community: the number of microfungi in phylloplane was maximum at the unpolluted site in July and minimum in January (Fig. 2) . Fungal Composition at two sites varied significantly.
A total of 29 microfungal taxa were isolated from the phylloplane of alder. Of these, 28 species were recorded from unpolluted site and 16 species from polluted ones. Cladosporium cladosporioides Aspergillus fumigatus, A. Niger, Paecilomyces variotii, Sporobolomyces roseus, Absidia spinosa, Epicoccum purpurascens, Geotrichum candidum, Cunninghamella echinulata, Curvularia lunata, Acremonium sp., Oidiodendron sp. and Chaetomium sp. were specific to unpolluted site whereas, Mortierella sp. was isolated only from the polluted site. CFU of Aureobasidium pollulans and Fusarium oxysporum were more and were dominant in polluted site. Maximum fungal diversity was observed in the month of May and minimum in January in both the sites (Table 1) .
Fungal diversity and species richness was more in unpolluted site than the polluted site (Table 2) .
A significant negative correlation was observed between the number of CFU and the concentration of Pb, Zn, Cu, Cd and S in leaf at the polluted site. Significant positive correlation between rainfall and number of microfungi was also observed (Table 3) .
Seasonal change in Pb, Zn, Cu, Cd and S contents: considerable differences in the level of heavy metals and sulphur on leaves were observed at both the sites (Fig. 3) . Their quantity was significantly greater at polluted site than unpolluted one. Maximum amount of pollutants was observed in January and minimum in May exhibiting a negative correlation with the rainfall. The variation in levels of Pb, Zn, Cu, Cd and S was not significant between samples collected at different sampl ings from unpolluted site as was seen in polluted site (Fig. 3) .
DISCUSSION
Number of phylloplane fungi and bacteria was significantly reduced in polluted site as compared to the unpolluted site and correlation coefficient analysis of data indicated the detrimental effect of the pollutants on the leaf surface microbial community. The findings were supported by industrially derived metal pollution studies (Bewley 1980 and chemical sprays on the leaf surface (DeJager et al. 2001) . Microfungal species composition and their diversity in the phylloplane was directly correlated to the roadside pollution as suggested for bacteria in dusty hemlock leaves (Manning 1971) . Similar change in lichen cover was correlated to air pollution in a tropical forest (Monge-Najera et al. 2002) The specificity of certain fungi to unpolluted site may be attributed to their sensitivity to the pollution. Whereas, the predominance of A. pollulans, F. Oxysporum, Mortierella sp. in the polluted site was due their resistance to pollutants and altered sporulation capacity or spore life span. Stimulatory effect of pollutants on the microbial number but not the species composition supports our findings that the stressed or hostile environmental conditions enhance the production of spores ensuring their survival or movement to suitable environments (Manning 1971) . The greater density of yeast cells and other metal tolerant fungi was attributed to their ability to utilize elements as nutrients within the pollutant dust and the beneficial effects of which might outweigh the effect of pollutant toxicity (Bewley 1980) . The complexity of interactions between phylloplane microorganisms were affected differentially by the pollutants due to their sporulation capacity (Fritze et al. 1993) .
A noteworthy difference in the diversity of microfungal species between polluted and unpolluted sites was attributed to the inhibitory effect of vehicular exhausts and trace contaminants at the roadside (Mowll et al. 1985) . Drastic change in the number of fungi at polluted site was directly correlated to the toxicity Chaetomium sp.
Fusarium oxysporum --18.5 12.5 13.8 11.8 Pb, Zn, Cu, Cd, S, rainfall, temperature, humidity, fungal Maximum fungal population in the month of May was correlated to the high rainfall reducing the pollutants level on the leaf surface at the polluted site. Further, the young leaves had less pollutants deposition on their surface during May compared to the matured leaves during winter months. While changes in the number of phylloplane microorganisms in unpolluted site could be related to the change in the nutritional status of leaves with age due to increased leaf leachates (Tukey 1971) . The main effect of the pollution by heavy metals retained by leaves on the phyllosphere microflora was the strong inhibition of each group of microorganisms (Brighigna et al. 2000) . The marked reduction in microbial population on leaf surface due to pollution on the roadside may consequently affect the microbial colonization of leaf litter thus delaying nutrient release and decomposition. This may lead to gradual accumulation of organic matter.
RESUMEN
La región nororiental de la India está experimentando un rápido desarrollo industrial y debido a la topografía montañosa de la región, los automóviles descargan variedad de contaminantes. Actividades humanas como moler piedra y construir caminos también aumentan el polvo atmosférico y la contaminación con metales pesados. Este estudio compara microorganismos en superficies foliares del árbol Alnus nepalensis (Betulaceae). Se estudió uno sitio en una intersección de Shillong, con alta densidad de tráfico (8 000-9 000 vehículos pesados/día), tomada como el sitio contaminado, y otro en un bosque aproximadamente a 500 m de la carretera (sitio no contaminado). Se contabilizaron bacterias, hongos, plomo, zinc, cobre, cadmio y sulfuro. La población bacteriana era más alta en el sitio no contaminado. La población bacteriana mostró una correlación negativa significativa con el contenido de plomo, cinc, cobre, cadmio y sulfuro foliares en el sitio contaminado, mientras que en el sitio no contaminado la correlación fue insignificante. La población de hongos también fue más alta en el sitio no contaminado. Un total de 29 especies de hongos fueron aislados A. nepalensis: 16 en el sitio contaminado y 28 en el no contaminado. Algunas especies de hongos como Mortierella sp., Fusarium oxysporum y Aureobasidium pollulans fueron dominantes en el sitio contaminado. El número de hongos y bacterias fue significativamente menor en el sitio contaminado. El coeficiente de correlación indicó un efecto perjudicial de metales como el plomo, el zinc, el cobre, el cadmio y el sulfuro en esta comunidad que habitan superficies de hojas. La especificidad de ciertos hongos al sitio no contaminado se puede atribuir a su sensibilidad a la contaminación. El predominio de Aureobasidium pollulans, Fusarium oxysporum y Mortierella sp. en el sitio contaminado puede ser debido a su resistencia a los agentes contaminadores. Palabras clave: Alnus nepalensis, carretera, contaminación, metales pesados, filosfera, comunidad de microorganismos.
